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FOREWORD

This report presents the results of one segment of an experi-
mental program for the investigation of hypersonic flow separation
and control characteristics being conducted by the Research Depart-
ment of Grumman Aircraft Engineering Corporation, Bethpage, New
York. Mr. Donald E. Hoak of the Flight Control Laboratory, Research
and Technology Division, located at Wright-Patterson Air Force
Base, Ohio, is the Air Force Project Engineer for the program,
which is being supported primarily under Contract AF33(616)-8130,
Air Force Task 821902.

The experimental data to be obtained, pressure distributions,
heat transfer, and six-component aerodynamic force data, are ex-
tensive and must be presented in a series of data reports, of
which this is one. These data reports are presented without
analysis for the purpose of disseminating all the experimental
information as rapidly as possible.

The author wishes to express his appreciation to the staff of
the von Karman Facility for their helpfulness in conducting the
tests and particularly to Messrs. Schueler, Donaldson, and Uselton
for providing the machine plotted graphs of the experimental data
included in this report. The tabulated data, not included herein,
are available to qualified Air Force requestors as an Appendix to
this report. These Appendices can be obtained on loan from the
rlight Control Laboratory, Research and Technology Division, Air
Force Systems Command, Wright-Patterson Air Force Base, Ohio.



ABSTRACT

Six-component aerodynamic data were obtained at Mach 5 and 8
for a winged re-entry configuration having aerodynamic controls.
The basic model consisted of a clipped delta wing with an over-
slung body. The main controls tested were a deflected apex and
partial-span trailing-edge flaps. Data were also obtained on the
effect of tip fins, full-span trailing-edge flap, and trailing-
edge spoiler. At Mach number 5 the data were obtained over an
angle of attack range from -30 ° to +450 at a unit Reynolds
number of 2.26 x 106. At Mach number 8 the angle of attack
range was -54 ° to +54 ° at the same uniit Reynolds number.

This report has been reviewed and is approved..

W. A. 8 i.Jr.
Colonel, USAF
Chief, Flight Control Division
AF Flight Dynamics Laboratory
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INTRODUCTION

The Fluid Mechanics Section of the Grumman Research Department
is currently engaged in a research program directed at determining
flow separation effects, and the effectiveness of aerodynamic con-
trols, on hypersonic flight vehicles. The program consists of
theoretical and experimental research on "basic" configurations,
flat plates with various flow separators (flap and wedge type), and
"typical" hypersonic glide vehicles, a clipped delta wing-body com-
bination and a pyramidal body. The configurations to be investiga-
ted in the over-all program are shown in Fig. la.

This report presents the results of one segment of the experi-
mental program. It treats a winged hypersonic glider configuration
consisting, in basic form, of a clipped delta wing with an overslung
body. This configuration was used for obtaining the data required
to determine the effectiveness of various aerodynamic controls at
supersonic and hypersonic Mach numbers. The controls investigated
were a deflectable apex, with a travel of ±200, partial-span
trailing-edge flaps, with deflections of ±40, a full-span flap,
with a deflection of +20, a full-span plug-type trailing-edge
spoiler and tip fins.

The experimental work was done at the AEDC 40-inch Supersonic
Wind Tunnel, at Mach 5, and the AEDC 50-inch Mach 8 Hypersonic Wind
Tunnel during November and December of 1962. Descriptions of these
test facilities can be found in Ref. 1. Six-component force data
were obtained for all configurations at both Mach numbers at a unit
Reynolds number of 2.26 x 106 with selected points at Reynolds
numbers of 0.79 x 106 and 5 x 106. A geometrically similar
model, instrumented to obtaLn pressure and heat transfer data, will
be tested in these facilities at a later date. Another geometri-
cally similar model, with limited pressure instrumentation, was
tested in AEDC Hotshot 2 Hypervelocity Tunnel and the results are
reported in Ref. 2.

Manuscript released by the author 10 January 1964 for
publication as an FDL Technical Documentary Report.
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DESCRIPTION OF MODELS

General

Six test configurations were built up from a basic model that
consisted of a clipped delta wing with an overslung body. The
clipped delta wing hiad a spherically blunted apex, cylindrically
blunted leading edges and a blunt base. The control surfaces to
be te3ted, a deflectable apex and partial-span trailing-edge flaps,
were built into the wing and were remotely actuated. Three-view
drawings of all six test configurations are presented in Fig. lb
through ig. The dimensions of the basic configuration are shown
in Fig. lb and are the same for all other configurations. The
other configuration drawings show dimensions only for the com-
ponents added to the basic configuration.

Controls and Sign Convention

Each control was driven by a 27 volt dc, gear reduced, water
cooled, electrical motor through a 1/2 inch-10 acme thread lead-
screw. This type of actuation produced a deflection rate of
1 degree/sec. Control deflection read-outs were obtained through
a calibrated linear potentiometer. The control surfaces were cali-
brated cold, that is, when the model was installed in the tunnel,
and checked regularly. The calibrating was done with precut
templates varying, in 5-degree increments, from 0 degrees to 40
degrees. The potentiometer outputs were recorded visually from
Leeds and Northrup Midget Model D indicators for use in setting
flap angles during the test. This calibration was also recorded
into the digital computing equipment at AEDC for use of the compu-
ter during the print-out procedure. This design procedure provided
for the independent operation of each control surface. We were
thus able to test asymmetric, as well as symmetric, control con-
figurations.

The sign convention for denoting the angle of attack and the
control deflection angle can be obtained from the basic model,
namely, a flat plate clipped delta wing with an overslung body.
This definition fixes the flat plate surface of the wing as the
lower surface. Thus, the angle of attack is positive when the flat
plate surface is the windward surface and negative when the flat
plate surface is the leeward surface of the model. The control
deflection angles are also defined with respect to the lower (flat
plate) surface of model. If we consider our model at zero angle
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of attack (flow parallel to the lower [flat-plate] surface), then
positive trailing-edge flap deflections are obtained by deflecting
the trailing edge down and negative deflections are obtained by
deflecting the trailing edge up. The sign convention for the de-
flectable apex is positive when the nose is deflected up and nega-
tive when deflected down. These definitions are illustrated in
Fig. 2.

The deflectable apex was designed for a maximum travel of ±20
degrees and can be calibrated to obtain any deflection angle in this
range. Similarly, the partial-span trailing-edge flaps, designed to
operate independently of each other as well as of the apex, had a
maximum travel angle of ±40 degrees and could be calibrated to
yield any deflection angle in this range.

Model Designations

The first major configuration consisted of a clipped delta wing
with an overslung body. The overslung body consisted of a half-
conical foresection and a half-cylindrical aftersection joined
together at the shoulder by a spherical fairing. This wing-body
combination was one of two major configurations of this test pro-
gram and is referred to as Configuration I. The second major con-
figuration was obtained by adding a set of tip fins to Configura-
tion I and is referred to as Configuration IV. These tip fins were
clipped deltas in elevation and were attached in such a way as not
to alter the aspect ratio (of the configuration).

Each of these major configurations was expanded into two addi-
tional control models thus yielding six test configurations for the
evaluation of control effectiveness.

Configurations I and IV provide the data for determining the
control effectiveness of a deflectable apex and partial span trail-
ing edge flaps. In order to determine whether these controls have
any comparative advantage over other types of aerodynamic controls
it was decided to compare their effectiveness to that of a full-
span flap and a full-span spoiler. It was also decided that an
adequate comparison point would be at a flap deflection angle of
+20 degrees. In line with this reasoning a 20-degree wedge
section was designed to fit between the partial-span flaps to form
a full-span flap when the partial span flaps were deflected +20
degrees. When this wedge section was fitted to Configuration I
the resulting model, Configuration II, was a clipped delta wing-
body combination with a full-span 20-degree flap. When the wedge

3



section was fitted to Configuration IV the resulting model, Configura-
tion III, was a clipped delta wing-body combination with a full-span

20-degree flap and tip fins. The design condition for the full-
span, plug-type, trailing-edge spoiler was that its height be equal
to the vertical displacement of the trailing-edge flaps when they
are deflected +20 degrees. This spoiler was attached to the
lower, flat plate, surface at the trailing edge. When the spoiler
was attached to Configuration I, we obtained Configuration VI,
which was a clipped delta wing-body combination with a full-span
spoiler, and when attached to Configuration IV we obtained Configu-
ration V, which was a clipped delta wing-body combinaticn with tip
fins and a full-span trailing-edge spoiler.

The basic model and all the attachments, fins, spoiler, and
-entral flap section, were fabricated out of No. 416 stainless steel
and the balance mount was made of Inconel X.

The center of gravity (CG) location of each configuration was
determined at AEDC. These CG locations are given in Table 1. The
same models were used in both wind tunnels.

4



DESCRIPTION OF WIND TUNNELS AND EQUIPMENT

This segment of the experimental program was conducted in the
40 in. by 40 in. Supersonic Wind Tunnel, at Mc = 5.0, and the
50-in. Mach 8 Hypersonic Wind Tunnel located at Arnold Engineering
Development Center's von Karman Facility. A complete description
of the wind tunnels and their associated measuring, recording and
tabulating equipment is given in Ref. 1.

The yaw actuator, designed and built at the von Karman facility
for use in the 40 in. by 40 in. Supersonic Wind Tunnel, was used in
the supersonic test program. The yaw actuator, which is mounted in
the plane of the sector, increases the sting throw from 20 degrees
to 73 degrees, substantially reduces the number of tunnel openings
required in the program and allowed for the program completion in
a mit:imum amount of time. It provided an angle of attack range
from -5 degrees to +45 degrees. Negative angles of attack were
obtained by inverting the model.

Tn the 50-in. Mach 8 Hypersonic tunnel the angle of attack

range ias obtained by using two different pre-bend angles on the
water- ooled split sting that is standard tunnel equipment. The
two pre-bend angles used were 12 degrees and 39 degrees and be-
tween them provided an angle of attack range of -3 degrees to
+54 degrees. Again, the negative angles of attack were obtained
by inverting the model.

The dimensions and mounting specifications of the water-cooled,
six component, balance used in these tests are presented in AEDC
drawing No. 330 2103 R-A. This same balance was used in both wind
tunnels. The measuring capabilities of this balance are: normal
force ±700 lbs, axial force ±150 lbs, side force ±700 lbs,
pitching moment ±3600 in.-lbs, yawing moment ±1800 in.-lbs,
rolling moment ±300 in.-lbs. Additional information on this
balance can be obtained from the von Karman Facility at AEDC.

5



EXPERIMENTAL DATA

Test Conditions

The supersonic test program was conducted at a nominal test
section Mach number of 5.0 and test section unit Reynolds numbers
of 2.26 x 106 per foot and 5.0 x 106, per foot. Most of the
program was run at the lower Reynolds number and data were obtained
at the higher Reynolds number for comparative purposes only. Due
to tunnel ,perating conditions, the actual test Mach number was
5.01. The low range Reynolds number ranged from 2.20 x 106 per
foot, to 2.28 x 106 per foot while the higher range of Reynolds
numbers varied from 4.98 x 106 per foot to 5.73 x 106 per foot.

The two main configurations (I and IV) were tested through an
angle of attack range of -30 degrees to +44.5 degrees. Included
in these tests were trailing-edge flap deflections of -40 degrees
to +40 degrees and apex deflections of -20 degrees to +20
degrees. In addition to the symmetric conditions, a set of asym-
metric conditions were tested. These included using both trailing-
edge flaps as ailerons, i.e., deflecting one positively and the
other negatively, and also deflecting one flap only and determining
their effectiveness as roll devices.

The hypersonic test program was conducted at a nominal test
section Mach number of 8.0 and test section unit Reynolds numbers
of 2.26 x 106 per foot and 0.79 x 106 per foot. As before,
most of the program was conducted at a Reynolds number of 2.26 x 106
per foot and the lower Reynolds number data were used for comparative
purposes only. Due to the tunnel operating conditions the actual
test Mach number was 8.08. Where a nominal Reynolds number of
2.26 x 106 per foot was called for the actual test Reynolds number
varied from 2.24 x 106 per foot to 2.34 x 106 per foot and
where the nominal Reynolds number was 0.79 x 106 per foot the
act-al test Reynolds number varied from 0.765 x 106 per foot to
0.822 x 106 per foot.

As in the supersonic case, the two main configurations (I and
IV) were tested most extensively while the tests on the other con-
figurations were restricted and are used only to provide comparison
data with the main configurations. Configurations I and IV were
tested through an angle of attack range from -54 degrees to +54
degrees, for symmetric, partial-span, flap deflections of -40
degrees to +40 degrees and apex deflections of -20 degrees to
~+~20 dgrees A ot- iet- flap deflection conditions using both

6



flaps and a single flap were also tested to determine the effective-
ness of partial span flaps as rolling devices.

A complete tabulation of the test program showing the angle of
attack range, control deflection and flow conditions, is presented
in Table 2.

Six component force and moment data, as well as base pressure
coefficients, were obtained for all the test configurations. The
six component data were obtained, and are presented, for a body axis
system and in coefficient form. For the symmetric conditions only,
the longitudinal aerodynamic characteristics are presented while
for the asymmetric conditions the six -erodynamic components are
presented. For convenience these data are presented in graphical
form.

Data Reduction and Accuracy

Forces, moments, base, and balance cavity pressures were meas-
ured and reduced to standard coefficient form using the following
equations:

Pb - P 3

Base pressure coefficient = C -
Pb qO

Normal force coefficient = CN
q S

FA

Total axial force coefficient = CAT =

yT

Side force coefficient = C -

y q S

.'

Pitching moment coefficient = C - m
m q SL

7



M
Yawing moment coefficient = C = ]a

n q SL

Rolling moment coefficient = C 
=

The reference 1 =agths and areas used in nondimensionalizing these
equations, namely, the wing planform area, S, and the root chord,
L, were calculated for a sharp apex clipped delta wing. Thus, the
reference properties are based on the virtual root chord. On this
basis it was found that S = 191.2 in.2 and L = 18.2 in. (The
actual planform area and root chord are presented in Table 3 along
with other pertinent geometric parameters.)

For convenience the data are presented in the body-oriented
coordinate system in which it was obtained, and the moment center
was taken at 60 per cent of the virtual root chord aft of the
theoretical apex of the wing. The longitudinal axis of this co-
ordinate system is the axis of symmetry of the force balance and
thus is slightly displaced from a parallel axis that would pass
through the center of gravity of the model. The error in the
pitching moment coefficients, due to this vertical displacement of
the longitudinal axis, is negligible and no effort was made to
correct it. It was also found that, at the low and intermediate
angles of attack the base pressure correction to the total axial
force coefficient was generally on the order of 0.5 per cent to
1.5 per cent. At the higher angles of attack attained in the
50-in. Mich 8 Hypersonic Wind Tunnel the indicated base pressure
corrections were slightly higher but in neither case were these
corrections sufficiently large to warrant alteration of the meas-
ured force data. We therefore use the measured and corrected data
interchangeably, i.e., CAT and CA. There was no need to correct

the data for variations in dynamic pressure during a run since the
tunnel conditions were recorded along with the data, at each angle
of attack, and the data were reduced on the basis of the tunnel
dynamic pressure existing at the instant the data were recorded.
The preceding discussion was applicable to the data taken from both
tunnels.

The major Prror in the data i- tima t-.- t he b ai rordig 1 imi-

tations of the balance, which are known. This type of inaccuracy
is most pronounced at the low angles of attack and becomes insignifi-
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cant at the high angles of attack. The inaccuracy of the datameasurements due to balance error have been converted to coefficient
form and are presented in Table 4.

9



RESULTS AND DISCUSSION

This program was designed to provide controls information on
one basic type of hypersonic flight vehicle, namely, a clipped delta
wing-body combination. Data are presented at positive and negative
angles of attack for the case of an overslung body. This configura-
tion was tested with tip fins on and off, with partial-span trailing-
edge flaps, with a full-span trailing-edge flap, with a full-span
trailing-edge spoiler, and with a deflectable apex. The experi-
ments were conducted at two Mach numbers, 5.01 and 8.08, and
with limited Reynolds number comparisons.

For the symmetric cases only three component force data are
presented whereas for the asymmetric conditions six-component data
are presented.

The data are presented in two major sets according to the Mach
number at which they were obtained. Each set is then subdivided
into two groups, the symmetric cases where both trailing-edge
flaps are deflected together and in the same direction and the asym-
metric cases where the trailing-edge flaps are deflected individually
or in opposite directions (roll conditions). Those cases that in-
clude tests of the full-span trailing-edge flap, full-span trailing-
edge spoiler, and apex deflection are included in the first group,
the symmetric cases. Those conditions that were tested fins on
and fins off are included in the appropriate group.

The basic wing-body combination was designed to provide con-
trols information for configurations having either overslung or
underslung bodies. For convenience we have chosen the overslung
body configuration as our reference and we have defined the coordi-
nate system and control deflection angles with reference to this
basic configuration. Thus the positive angle of attack regime for
the overslung body provides the aerodynamic data for the underslung
body at negative angles of attack. The sign of the flap deflection
angles, for the underslung body case, must be reversed in order that
both cases be viewed in the same reference system. The complete
test program is tabulated in Table 2 and the specific conditions
presented in each figure are noted in the List of Illustrations on
pages v through ix.

Mach 5 Data

The static longitudinal aerodynamic data for Configuration T.
covering the range of angles of attack and symmetric trailing edge

10



flap deflections, are presented in Fig. 3. The corresponding data
for Configuration IV are presented in Fig. 7. The Reynolds number
comparisons for Configurations I and IV are presented in Figs. 4
and 8, respectively. The data for Configurations II, III, V, and
VI are presented in Figs. 5 and 6. The aerodynamic characteristics
of Configurations I and IV with apex deflections as well as three
possible trim conditions are presented in Figs. 9 and 10. The data
for the asymmetric conditions of Configurations I and IV, for which
six component data are plotted, are presented in Figs. 11 and 12.

Mach 8 Data

The data for Configurations I and IV, covering the symmetric
trailing edge flap deflection conditions, are presented in Figs. 13
and 15. The effect of Reynolds number on the aerodynamic character-
istics of Configurations I and IV is presented in Figs. 14 and 16.
The data for Configurations II, III, V, and VI are presented in
Figs. 17 and 19. Figure 18 presents a comparison between Configura-
tions III and IV for two different Reynolds numbers. Figures 20 and
21 present the aerodynamic characteristic of Configurations I and
IV with the apex deflected and the trailing-edge flaps undeflected
as well as several possible trim conditions. The data for the
asymmetric conditions for Configurations I and IV, obtained to
determine the rolling effectiveness of the partial-span trailing-
edge flaps when used as ailerons, are presented in Figs. 22 and 23.

The side force data at both Mach numbers are erratic and are
shown only to maintain the completeness of the data presentation.
The 4-9 minute roll angles caused by repeated inverting of the
model, to obtain various positive and negative angle of attack
ranges, are not sufficient to explain this erratic behavior. Since
the other data do not indicate the presence of any flow instability,
it is concluded that the erratic behavior of the particular data
component is caused by the side forces being so small that the
measuring instrument is more sensitive to the random tunnel oscil-
lations than to the generated side force.

11
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TABLE 2

TEST SCHEDULE

40" x 40" SUPERSONIC WIND TUNNEL

14ACH 5.01

CONF. CONTROL

t Trailing Angle Attack -6
Apex Edge Flap Spoiler t Range Re/ft x 10

Partial

Span Central

S1 62 63 6c amin 'max
- - -- ----- - . -.. .. . -- -- 4

1 0 0 0 NA* NA -29.9 -*45.1 2.26

0 +10 +10 -30 -414.7

0 +20 +20 -30 -*45

0 +30 +30 -30 -*14.6

0 -+40 +40 -30 -> 14.6,
25.6-, 45.1

0 -10 -10 -4.5-* 45.1

0 -20 -20 -29.9 - 45.1

0 -30 -30 -4.5 -* 45.1

0 -40 -40 -29.9-> 45.1

0 +20 0 -4.6 -4 14.6

0 +40 0 -4.6 - 14.6

0 -20 0 -4.5-> 14.7

0 -40 0 -4.5- 14.7

0 +20 -20 -4.6-> 14.7

0 +40 -40 -4.6-) 14.7

+10 0 0 -4.5 -) 45

+20 0 0 -4.5 --> 45.1

-10 0 0 -29.9 - 14.7

-20 0 0 -29.9 - 14.7

-20 +20 +20 -30 -* 4.5

+20 -20 -20 "4.5 -> 45.1

+20 -40 -40 -4.5- 14.7

0 +20 +20 -4.6- 14.7 5.0

II 0 +20 +20 +20 -4.6 29.8 2.26

0 +20 +20 +20 -4.6- 14.7 5.0

II 0 +20 +20 +20 -4.6 - 14.6 2.26

0 +20 +20 +20 -4.7 -4 14.7 5.0

NA - Not Applicable.
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TABLE 2 (Cont.)

TEST SCHEDULE
40" x 40" SUPERSONIC WIND TUNNEL

MACH 5.01

CONF. CONTROL I -r
Trailing - Angle AtLack

Apext Edge Flap Spoiler Range Re_/ft x I06

Partial
Span Central

3 c a min -  'max

IV 0 0 NA ' NA -29.9 45.1 2.26
0 +10 +10 -29.9 -, 14.6
0 +20 +20 -29.9 -, 45
0 +30 +30 -29.9 .. 14.6
0 +40 +40 -29.9 - 14.6
0 -10 -10 -4.6 -- 45.1
0 -20 -20 -29.8- ~45.1
0 -30 -30 -4.5 - 45.1
0 -40 -40 -4.5 -- 45.l
0 +20 0 -4.6 - 14.6
0 +40 0 -4.6 - 14.6
0 -35.5 0 -4.5- 14.7
0 +20 -20 -4.5 14.6
0 +40 -40 -4.6-. 14.6

+10 0 0 -4.5 45.1
+20 0 0 -4.5 - 45.1
-10 0 0 -29.9 ,14.6

-20 0 0 -29.9 - 14.6
-20 +20 '+20 -29.9- 14.6
+20 -20 -20 -4.5 -- 45.1
+20 -35.5 -35.5 -4.5-, 45.1

0 0 0 -4.6 •14.8 5.0
0 +20 +20 . -4.7- 14.7 5.0

V NA NA NA NA YES -4.5 14.b 2.26
NA NA 'NA NA YES -4.6 -) 14.7 5.0

VI NA NA NA NA YES -4.5 - 29.8 2.26
NA NA NA NA YES -4.6 14.7 5.0



TABLE 2 (Cont.)

TEST SCHEDULE

50" HYPERSONIC WIND TUNNEL

MACH 8.08

CONF. CONTROL

TrilnS- oie Flap Angle Attack

Apex liartial 3pan Central Spoiler Range Rejft x 106

51 62 3 c min * max,

0 0 0 NA NA -54.8 -- 54.8 2.26

0 +10 +10 -54.9-. 3.7

0 +20 +23 -54.8-- 54.8
0 +30 +30 -54.9 3.7

0 +39 +39 -54.9 - 54.8

0 -10 -10 -54.8 -24.3,

-3 -- 54.8

0 -20 -20 -54.8-+ 54.9

0 -30 -30 -3 -, 54.9

0 -39 -39 -54.9 - 54.9

0 +10 0 -3 -*27

0 +20 0 -26.7 - 27

0 +30 0 -3 -. 27
0 +39 0 -26.7-, 27

0 0 -10 -3 -*27

0 0 -20 -26.6 * 27

0 0 -39 -26.5- 27
0 +10 -10 -26.6 -,27
0 +20 -20 -26.6.- 27
0 +30 -30 -26.6- 27
0 +39 -39 -26.6-4 27

+10 0 0 -3 -. 54.7
+20 0 0 -3 -. 54.8

-10 0 0 -54.8-. 3.5
-20 0 0 -54.8-, 3.7
+10 -20 -20 -3 - 54.8

'+10 -39 -39 -3 -, 54.8

+20 -20 -20 -3 -, 54.9

+20 -39 -39 -3 -' 54.9

-10 +20 +20 -54.9-. 3.7
-1c 4-39 +39 -54.9 . 3.6

-2( 20 +20 -54.8- 3.6
-20 +39 +39 -54.9- 3.6

0 0 0 -24.5-, 27 0.79

0 -20 -20 -3 --.27 0.79

II 0 +20 +20 +20 NA -3 -'27 2.26
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TABLE 2 (Cont.)

TEST SCHEDULE
50" HYPERSONIC WIND TUNNEL

MACH 8.08

CONF. CONTROL

Trailing 
Angle AttackApex Edge Flap Spoiler Range Re /ft x 10-6

Partial
Span Central

tl k2 3 c min -'max

III 0 +20 +20 +20 NA -3 - -7 2.26
0 +20 +20 +20 -3 - 27 5.0

IV 0 0 0 NA NA -54.6 -4 54.6 2.26
0 +10 +10 -54.6- 3.7
0 +20 +20 -54.8 -5 54.8
0 +30 +30 -54.8- 3.7
0 +39 +39 -54.8- 54.8
0 -10 -10 -3 - 54.7
0 -20 -20 -26.4 - 54.8
0 -30 -30 -3 - 54.8
0 -39 -39 -26.4 --, 54.7
0 +10 0 -3 -27
0 +20 0 -26.5 - 27
0 +30 0 -3 -27
0 +39 0 -26.5-, 27
0 0 -10 -3 -27
0 0 -20 -26.4 -- 27
0 0 -39 -26.4 -27
0 +10 -10 -26.5-.) 27
0 +20 -20 -26.5-. 27
0 +30 -30 -26.5 - 27
0 +39 -39 -26.4 -. 27

+10 0 0 -3 -. 27
+20 0 0 -3 -. 54.6
-10 u 0 -26.5-. 3.7
-20 0 0 -54.8-- 3.7
+10 -20 -20 -3 27
+10 -39 -39 -3 -. 27

1+10 +39 +39 -3 -.27
+20 -20 -20 -3 54.7
+20 -39 -39 -3 -, 54.7
+20 +39 +39 -3 - 27
-10 +20 +20 -26.6 -, 3.7
-iO +39 +39 -26.6-,- 3.6
-20 +20 +20 -26.6-. 3.6
-20 +39 +39 -26.6 -, 3.6
0 0 0 -26.2- 27 0.79
0 -20 -)0 -3 -,1

V 0 0 0 NA YES -3 ,27 0.79
0 0 0 -3 -,27 2.26

VI 0 0 0 NA YES -3 -. 27 0.790 0 0 -3 -,27 2.26
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TABLE 3

GEOMETRIC COARACTERISTICS

Wing:

Clipped Delta Wing with Blunt Apex,
Le-nding Edges- and Base

Root Chord 
17.29 inches actual,
18.2 inches virtual

Tip Chord 3.651 inches

Span 16.8 inches

Apex Radius 0.910 inches

Leading Edge Sweep 60 degrees

Leading Edge Radius 0.910 inches

Wing Thickness (Constant) 1.820 inches

Planform Area 
182.91 inches

2 actual,
191.3 inches

2 virtual

Aspect Ratio 
1.542

Taper Ratio 
0.211

Thickness Ratio (Root) 0.1052

Control Area - Partial Span Flaps 
25 inches

2

- Apex 
6.722 inches

2

Body:

Half Cone - Cylinder
(Base Mounted Flush with Wing Trailing Edge)

Cone Angle 13 degrees

Cone Length 7.682 inches

Cone Radius (Maximum at Tangency Point) 1.773 inches

Cylinder Length 6.188 inches

Cylinder Radius 1.820 inches

Fairing (Cone to Cylinder)

Length 0.409 inches

Radius 1.820 inches

Included Angle 13 degrees

Total Body Length 14.279 inches

Planform Area 
34.9 inches

2

Tip fin:

Clipped Delta Wing with Blunt Leading Edge

Root Chord 4.584 inches

Tip Chord 1.384 inches

Span 5.824 inches

Leading Edge Sweep 50 degrees

Leading Edge Radius 0.455 inches

Thickness (Constant) 0.91 inches

Area 18.17 inches
2

Aspect Ratio 1.862

Taper Ratio 0.3025

Thickness Ratio (Fin Root-Wing Center Plane) 0.199

18



TABLE 3 (Cont.)

GEOMETRIC CHARACTERISTICS

Central Flap:

Wedge Section - Central Section of Full Span
Trailing Edge Flap

Chord (Constant) 2.414 inches

Span 3.640 inches

Wedge Angle 20 degrees

Planform Area 8.787 inches
2

Spoiler:

Full Span, Plug Type with Cylindrical Lower Edge

Chord (Constant) 0.910 inches

Span 14.980 inches

Height 0.855 inches

Planform Area 13.632 inches
2

Bottom Cylinder Radius 0.455 inches

19



10 rti I Ort
00 rH H'

* 0 0
00 00DC (D

00 t 3C

0 f~ 0

0 '

0 1 tzi

1+ 1+ 1+ 1+ '1+ 1+0

0 0 0 0 zp 10 OH

01,<

1 1+ 1+' H+1+ 1

(~~ ~ H,~~ ~
00 U010'H

Hf ( C) N

1+ 1+ 1+ 1+ 1+ 1+

0D o'oj 0 -) I
0 0 0 0 Lo U 0
,Lni H H NAA t

- -10

1+ 1+ 1+- 1+ '1+ 1+

0 0 0 n
0 0 00 F" Ui 0

1+ 1+ 1+ 1+ 1+ 1+I
* * * P H

0) 0 0 0 '.o 0)
H 0 0 ' 0Ch

1+ 1+ 1+ 1+1+ 1+,

0> 0 0 C-' 0

0I C0 C.
H ~0' ON



Separated Flows ahead of a Ramp
Fore and aft flaps, end plates

S- 3 separate models:

1) Pressure and heat transfer, AEDC Tunnels
A & B, M - 5 & 8

2) Ccntrolled wall temperature, pressure,
2 AEDC Tunnel B, M - 8

3) Pressure and heat transfer, Grumman Shock
Tunnel, M = 13 & 19

Wedge - Plate Interaction
Small and large fins with sharp
and blunt leading edges

2 separate models:

1) Pressure and heat transfer, AEDC Tuanels
A & B, M 5 & 8

2) Pressure and heat transfer, Grumman Shock
Tunnel, M z 13 & 19

Clipped Delta, Blunt L.E.
Center body, T.E. flaps, drooptcd nose,
spoiler, tip fins
3 separate models:

i) Pressure and heat transfer, AEDC Tunnels
A & B, M -5&8

- ,-2) Pressure, AEDC Hotshot 2,
. ... . M - 19

3) Six component force, AEDC Tunnels
A & B, M- 3 & 8

Delta, Blunt L.E., Dihedral

T.E. flaps, canard, ventral fin
3 separate models:

I) Pressure and heat transfer, AEDC Tunnels
A & B, M - 5 & 8

2) Pressure qnd heat transfe. Grumman Shock

TI\nnpl h 10

3) Six cozm cnent force, AEDC Tunnels
A & B, H - 5 & 8

Fig. la General Outline of Models and Remarks for Over-all Program
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Fig. lh Rear View Photograph - Configuration I in the 50" Mach 8 Hypersonic

Wind Tunnel - Mounted for Negative Angles of Attack
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0I

'lic Fig. li Front View Photograph - Configuration I in the 50"

Mach 8 Wind Tunnel - Mounted for Negative Angle of Attack
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F.I Poorp Cofgrto7ith Psi ApexDeflect

Fig. lj Photograph -Configuration I with Positive Apex Deflection
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Fig. 1k Photograph - Configuration II with Central Flap Section

Installed
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Fig. ii Photograph - Configuration II with Full Span Flap
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Fig. In Photograph Configuration IV with Partial Span Trailing
Edge Flaps Deflected
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Fig. lo Photograph -Configuration V
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Fig. ip Photograph -Configuration VI

3,



z

Cr'
n y

CN  Cm

C V 
.

CA

x

Fig. 2a Body Oriented Coordinate System

M
o0

9%

-52,3

-_-1- ._ _ _ _ _ _ _ _,

N

Fig. 2b Sign Convention for Control Deflection Angles
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